rematurity is the leading cause of neonatal death and handicap. 1 Although all births before 37 weeks of gestation are defined as preterm, most damage and death occurs in infants delivered before 34 weeks. 2,3 Improvements in neonatal care have led to higher rates of survival among very premature infants, but a major effect on the associated mortality and morbidity will be achieved only by better identification of women at high risk for preterm delivery and by development of an effective intervention to prevent this complication.
The prophylactic administration of progesterone beginning in midgestation to women who previously had a preterm birth has been shown to halve the rate of recurrence. [4] [5] [6] However, a strategy in which therapeutic intervention is limited to women with a previous preterm delivery is likely to have a small effect on the overall rate of prematurity, because only about 10% of spontaneous early preterm births occur in women with this history. 7 A method that may better identify women at high risk with either singleton or twin pregnancies is ultrasonographic measurement of cervical length at 20 to 24 weeks of gestation. [8] [9] [10] Asymptomatic women found to have a cervical length of 15 mm or less are at greatly increased risk for spontaneous early preterm delivery. We designed a multicenter, randomized trial to evaluate the effect of vaginal progesterone on the incidence of spontaneous early preterm delivery in asymptomatic women found at routine mid-trimester screening to have a short cervix.
Me thods

Study participants
The trial was conducted from September 2003 through May 2006 in five maternity hospitals in and around London (King's College Hospital, London; Queen Elizabeth Hospital, Woolwich; University Hospital of Lewisham, London; Southend University Hospital, Essex; and Darent Valley Hospital, Dartford); the Hospital Clinico Universidad de Chile, Santiago, Chile; the Hospital do Servidor Público Estadual Francisco Morato de Oliveira, São Paulo; and the University Hospital, Larissa, Greece.
All women with singleton or twin pregnancies who were undergoing routine ultrasonography at 20 to 25 weeks of gestation for examination of fetal anatomy and growth were given the option of transvaginal ultrasonographic measurement of cervical length as a predictor of spontaneous early preterm delivery. 11 The exclusion criteria were major fetal abnormalities, painful regular uterine contractions, a history of ruptured membranes, or a cervical cerclage. Gestational age was determined from the menstrual history and confirmed from the measurement of fetal crown-rump length at a first-trimester scan, which is carried out routinely in the participating hospitals.
Women with a cervical length of 15 mm or less were invited to take part in a randomized, double-blind, placebo-controlled trial of progesterone. All women gave written informed consent, and the study was approved by the Multi-Centre Research Ethics Committee and the Medicine Control Agency in the United Kingdom, as well as the local ethics committees of the participating hospitals. The sponsor of the study, the Fetal Medicine Foundation, had no role in study design, data collection, data analysis, data interpretation, or the writing of the report.
Quality control of screening, handling of data, and verification of adherence to protocols at the different centers were performed on a regular basis by the trial coordinators. The sonographers who performed the scans had received extensive training and passed a practical examination administered by an expert to demonstrate their competence in cervical assessment.
Randomization and Follow-Up
Each study participant was given a blister pack labeled "Progesterone Study," which contained either 200-mg capsules of micronized progesterone (Utrogestan, Besins International Belgium) or identical-appearing capsules of placebo containing safflower oil (Medicaps). The drug and placebo were purchased from the companies, which provided no financial support and had no involvement in study design, data collection, data handling, data analysis, study interpretation, the drafting of the manuscript, or the decision to publish.
The blisters were packaged by DHP Clinical Trial Supplies. Computer-generated random-number lists were created by the King's College Hospital pharmacy, and the appropriately numbered drug was dispensed by each hospital; central randomization was designed to ensure that there were exactly 125 women in each group. Each woman was instructed to avoid sexual inter-course and to introduce one capsule into her vagina every night before going to sleep from 24 to 33 weeks 6 days of gestation.
The general practitioners of the women were informed in writing about the women's participation in the study, and their hospital notes were marked with a sticker labeled "Progesterone Study." Follow-up visits for ultrasound assessment of fetal growth and cervical length were carried out every 2 weeks until 34 weeks of gestation. At the time of randomization, the patients were informed that symptoms related to the administration of progesterone could include sleepiness, fatigue, headaches, and vaginal irritation, but that these symptoms are common in pregnancy. At each follow-up visit, we asked the patients whether they had noted an increase in severity or frequency of these symptoms and whether they had had any new symptoms since the beginning of treatment. Adherence was checked by counting the capsules at these visits. The investigators, participants, and clinicians were unaware of the treatment assignments. The general practitioners and obstetricians of the patients were also unaware of the results of cervical assessments on follow-up ultrasonography.
Information on the characteristics of the patients, including demographic data, measurements for calculation of body-mass index, and obstetrical and medical histories, was obtained from the patients at the first hospital visit and entered into a computer database. Data on pregnancy outcomes were obtained from the hospital maternity records or the patients' general medical practitioners. The obstetrical records of all patients delivering before 34 weeks were examined to determine whether the delivery was medically indicated or spontaneous. Spontaneous deliveries included those with spontaneous onset of labor and those with rupture of membranes before labor.
Outcome Measures
The primary outcome measure was spontaneous delivery before 34 completed weeks (238 days) of gestation. The secondary outcome measures were birth weight, fetal or neonatal death, major adverse outcomes before discharge from the hospital (intraventricular hemorrhage, respiratory distress syndrome, retinopathy of prematurity, or necrotizing entercolitis), and need for neonatal special care (admission to a neonatal intensive care unit, ventilation, phototherapy, treatment for proven or suspected sepsis, or blood transfusion). All outcomes were determined before the randomization code of the trial was broken.
Statistical Analysis
The sample-size calculation was based on a reduction in the incidence of spontaneous delivery before 34 weeks from 28% in the placebo group to 14% in the progesterone group, with a power of 80%. To detect this difference at a significance level of 5%, we needed to recruit 250 patients with cervical length of 15 mm or less.
The analysis was performed according to the intention-to-treat principle. Baseline data for the progesterone and placebo groups were summarized by the median and the interquartile range. Comparisons between groups were performed with the use of the Mann-Whitney U test. Univariate comparisons of dichotomous data were performed with the use of Fisher's exact test. The P values for all hypothesis tests were two-sided, and P values of 0.05 or less were considered to indicate statistical significance. The risk of spontaneous preterm birth before 34 weeks was quantified by the relative risk and 95% confidence interval. Effect modification was assessed with the use of the Mantel-Haenszel test for homogeneity. 12 Multivariable analysis was performed by logistic regression. 13 The risk of spontaneous preterm birth from randomization until 34 weeks was assessed using Kaplan-Meier analysis, 14 where JOB: ISSUE: gestational age was the time scale, spontaneous delivery was the event, and elective deliveries were treated as censored. For the purposes of this analysis, all pregnancies were considered to be no longer at risk for the event at the start of the 34th week. Hazard ratios were estimated with the use of the Cox proportional-hazards model, with a formal test of the proportional-hazards assumption. 14,15 Logistic regression was used to assess the risk of adverse events in the offspring. The analyses of infant outcomes used robust standard errors and were clustered on a maternal identifier to account for the nonindependence of twin pairs. Odds ratios were converted to relative risks with the use of the method of Zhang and Yu. 16 All statistical analyses were performed with the Stata software package, version 8.2.
R e sult s
A total of 24,620 (82.3%) of the 29,918 pregnant women fulfilling the entry criteria for screening agreed to undergo transvaginal ultrasonographic measurement of cervical length at 20 to 25 weeks (median, 22 weeks) (Fig. 1 ). There were 24,189 singleton and 431 twin pregnancies. The median cervical length was 34 mm (range, 0 to 67 mm), and the length was 15 mm or less in 413 of the women (1.7%). Two hundred fifty women with a short cervix (60.5%), including 226 with singleton and 24 with twin pregnancies, agreed to participate in the trial. There were no significant differences in baseline characteristics between the placebo and the progesterone groups (Table 1 ). The rate of the primary outcome -spontaneous birth before 34 weeks of gestation -was 19.2% in the progesterone group and 34.4% in the placebo group (relative risk, 0.56; 95% confidence interval [CI], 0.36 to 0.86) ( Table 2) . Four women (two in each group) had medically indicated preterm delivery. The proportional reduction over time in the incidence of all deliveries before 34 weeks was similar in the progesterone and the control groups. The risk of spontaneous preterm birth in the two groups was assessed using Kaplan-Meier analysis (Fig. 2) . The cumulative percentage of patients who did not give birth spontaneously before 34 weeks was significantly higher in the progesterone group than in the placebo group (hazard ratio, 0.57; 95% CI, 0.35 to 0.92; P = 0.02). Multivariable analysis demonstrated that adjustment for maternal characteristics at the time of randomization did not attenuate the apparent protective effect of progesterone ( Table 2) .
The relative risk of spontaneous preterm birth before 34 weeks of gestation did not vary significantly according to maternal age, body-mass index, race, obstetrical history, whether the pregnancy was singleton or twin, or cervical length at the time of randomization (Fig. 3) . Among women without a history of delivery before 34 weeks, the incidence of spontaneous preterm birth was significantly higher in the placebo group than in There were no significant differences between the two groups in the secondary outcomes (Table 2). There were no important adverse events or side effects in either group. None of the women reported any increase in the frequency or severity of general or local side effects, such as sleepiness, fatigue, headaches, or genital irritation, or any new symptoms after the onset of treatment.
Data on pregnancy outcome were also obtained from 23,795 (96.6%) of the 24,620 women in whom cervical length was originally measured; spontaneous delivery before 34 weeks occurred in 489 (2.1%). The cervical length was 15 mm or less in 408 women (1.7%), of whom 126 (30.9%) delivered preterm, accounting for 25.8% of the early deliveries. The cervical length was 16 to 25 mm in 1975 women (8.3%), of whom 100 (5.1%) delivered preterm, accounting for 20.4% of the early deliveries.
Dis cus sion
The results of this randomized trial demonstrate that in women with a short cervix, the daily vaginal administration of 200 mg of progesterone from 24 to 34 weeks of gestation significantly reduces the rate of spontaneous preterm delivery. There was no significant reduction in perinatal mortality or neonatal morbidity. However, the trial was not designed with sufficient power to address these end points.
Our multicenter screening study, involving close to 25,000 pregnancies, confirms that transvaginal ultrasonographic measurement of cervical length at 22 weeks of gestation identifies a subgroup of about 1.5% of the female population at particularly high risk for early preterm delivery. In the control group of women with cervical lengths of 15 mm or less, the incidence of spontaneous early preterm delivery was 34%. This is much higher than the overall female population rate of about 2% in the United Kingdom. 17 In the small number of twin pregnancies included in our study, a nonsignificant reduction in preterm delivery was associated with progesterone treatment. In a larger study published elsewhere in this issue of the Journal that examined twin pregnancies specifically, 18 the intramuscular administration of 17 alpha-hydroxyprogesterone caproate (17P) did not reduce the incidence of preterm birth.
We used 200 mg of progesterone, in contrast to the 100-mg dose used in a randomized trial of women with a history of preterm birth. 5 We chose this high dose because we considered patients with a very short cervix to be at particularly high risk for preterm delivery, 8-10 although it is unknown whether there is a dose-response relationship between progesterone and the reduction in risk of preterm delivery. We chose vaginal micronized natural progesterone, rather than intramuscular synthetic 17P. Micronized progesterone can be administered either orally or vaginally, but the latter route is preferable because of enhanced bioavailability and the absence of undesirable side effects, such as sleepiness, fatigue, and headaches. 19, 20 The American College of Obstetricians and Gynecologists Committee on Obstetric Practice recommends that women who have had a previous preterm delivery should be considered for treatment with progesterone in a subsequent pregnancy but notes that the ideal formulation, optimal route of delivery, and long-term safety of progesterone remain unknown. 21 Epidemiologic and animal studies have found no significant relationship between clinically administered progestational drugs and congenital malformations. 22 However, in one study, embryonic deaths occurred in pregnant rhesus monkeys treated with intramuscular injections of 17P. 23 In one randomized trial of women with previous preterm births, the intramuscular administration of 17P was associated with a nonsignificant increase in miscarriage or fetal death (3.6%, vs. 1.3% in controls). 4 Although progesterone proved effective in reducing spontaneous preterm birth in women with cervical lengths less than 15 mm, it should be noted that less than one third of the women in our overall study group who had spontaneous preterm delivery met this criterion. Future randomized trials should investigate the effectiveness of progesterone in other high-risk populations. Measuring cervical length is a readily learned skill for obstetrical sonographers. Furthermore, ultrasound screening is available routinely in maternity units in developed countries, and studies have shown that transvaginal ultrasonography is acceptable to pregnant women and does not cause discomfort in the vast majority. 24, 25 The findings of our study provide support for a strategy of routine screening of pregnant women by ultrasonographic measurement of cervical length and the prophylactic administration of progesterone to those with a short cervix.
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